Data on cutaneous human papillomavirus (HPV) seroprevalence are primarily derived from skin cancer case-control studies. Few studies have reported the seroprevalence of cutaneous HPV among healthy men. This study investigated the seroprevalence of cutaneous HPV types and associated risk factors among men residing in Brazil, Mexico and the USA. Six hundred men were randomly selected from the HPV Infection in Men study. Archived serum specimens were tested for antibodies against 14 cutaneous HPV genotypes, b-HPV types (5/8/12/14/17/22/23/24/38/ 48), a-HPV 27, g-HPV 4, µ-HPV1 and n-HPV 41 using a glutathione S-transferase L1-based multiplex serology assay. Risk factor data were collected by a questionnaire. Binomial proportions were used to estimate seroprevalence, and logistic regression to examine factors associated with seropositivity. Overall, 65.4 % of men were seropositive to 1 of the 14 cutaneous HPV types, and 39.0 % were positive for 1 b-HPV types. Seroprevalence was 8.9, 30.9, 28.6 and 9.4 % for a-HPV 27, g-HPV 4, µ-HPV 1 and n-HPV 41, respectively. In multivariate analyses, seropositivity for any cutaneous HPV type was associated with higher education [adjusted odds ratio (AOR) 1.75; 95 % confidence interval (CI) 1.08-2.83], and seropositivity of any b-HPV type was significantly associated with increasing age (AOR 1.72; 95 % CI 1.12-2.63, for men aged 31-44 years vs men aged 18-30 years). Other factors associated with various type-specific cutaneous HPV seropositivity included country, circumcision and lifetime number of male sexual partners. These data indicate that exposure to cutaneous HPV is common. Future studies are needed to assess the role of cutaneous HPV in diseases.
INTRODUCTION
Human papillomavirus (HPV) is a non-enveloped dsDNA virus that infects epithelial cells of the skin and mucus membranes. Over 200 types of HPV have been recognized and fully sequenced, and the majority of these types fall within three genera: alpha (a), predominantly found on mucosal surfaces; and beta (b) and gamma (g), which are commonly found on skin and in hair follicles (Bernard et al., 2010; Sichero et al., 2014) .
Mucosal HPV types have been studied extensively with respect to their aetiological role in the development of genital warts (Lacey et al., 2006; Steben & Garland, 2014) and several cancers (Parkin & Bray, 2006; Walboomers et al., 1999) . However, emerging evidence suggests that cutaneous HPV infection may increase the risk for squamous cell carcinoma (SCC) of the skin Iannacone et al., 2012; Karagas et al., 2006 Karagas et al., , 2010 Waterboer et al., 2008) . Several studies have reported associations between cutaneous HPV serum antibodies and a higher risk for SCC (Andersson et al., 2008; Iannacone et al., 2012; Karagas et al., 2010; Struijk et al., 2006) ; while the exact mechanism is unclear, it is hypothesized that cutaneous HPV infection might modify the effect of UV-induced DNA damage and apoptosis, leading to the accumulation of mutations and SCC (Iannacone et al., 2012) . Furthermore, cutaneous HPV types have also been detected on the surface of external genital lesions (Pierce Campbell et al., 2013) and penile cancer precursors in non-UV-exposed regions of the genital skin. Two hospital-based case-control studies have reported the presence of cutaneous HPV types in nearly all penile intraepithelial neoplasia cases (Kreuter et al., 2008; Wieland et al., 2000) .
Cutaneous HPV DNA is abundantly found on the surfaces of skin and persists in the hair follicles of healthy individuals (Plasmeijer et al., 2009) . This ubiquity and abundance of the DNA on skin may largely reflect viral colonization or deposits of viral DNA fragments due to the shedding of keratinocytes. Prevalence based on DNA detection varies considerably between the various types of specimens collected from the skin, e.g. skin swab versus biopsy. Serological studies measuring antibodies against the type-specific L1 major capsid protein of HPV provide evidence of a host immune response to previous or recent infection and indicate cumulative exposure to HPV over time. Prevalence based on serology is also not dependent on the anatomical site of HPV infection. However, there are two important limitations to HPV serology studies. Not all infected individuals develop antibodies against HPV infection, and antibodies may diminish over time.
Despite its potential role in the development of SCC and penile intraepithelial neoplasia, very little is known about the epidemiology of cutaneous HPV infection among men. The objective of the current study was to estimate the seroprevalence of cutaneous HPV types, including b (types 5/8/ 12/14/17/22/23/24/38/47), a (type 27), g (type 4), µ (type 1) and n (type 41), in a sub-cohort of healthy men from the HPV Infection in Men (HIM) study and to investigate the factors associated with the seropositivity.
RESULTS
Significant differences in socio-demographic and behavioural characteristics were observed by country for all the listed variables in Table 1 (P values <0.05), except the number of male anal sex partners in the past 6 months among those reporting ever having had a male sex partner. Participants in the sub-cohort (600 randomly selected men) were similar (P value >0.05) to the full HIM study cohort (>4000 men) on all baseline socio-demographic and sexual behavioural characteristics.
Overall, 65.4 % participants were seropositive to one or more cutaneous HPV type ( Table 2 ). The seroprevalence was 39.0 % for at least one b-cutaneous HPV type, 8.9 % for a-cutaneous type 27, 30.9 % for g-HPV type 4, 28.6 % for µ-HPV type 1 and 9.4 % for n-HPV type 41 (Table 2 ; Fig. S1a-d , available in the online Supplementary Material). The highest overall type-specific seroprevalences were observed for g-HPV type 4 (30.9 %), µ-HPV type 1 (28.6 %) and b-HPV type 8 (20.4 %). No significant difference (P value=0.140) in the seroprevalence of any-HPV was observed by country (Brazil, 70.0 %; USA, 65.4 %; Mexico, 60.7 %). Significant differences in cutaneous HPV seroprevalence by country were observed for any b-HPV, as well as for each of the HPV type-specific seroprevalences listed, with the exceptions of HPV 27 and HPV 41 (Table 2) . Using the Holm-Bonferroni method, we observed significantly higher grouped b-HPV seroprevalence among men in Brazil compared to Mexico (P value <0.001).
Averaged across all three countries, approximately 21.2 % of men had antibodies to three or more HPV types, 14.4 % to two HPV types, 29.8 % to only one HPV type and 34.6 % did not have antibodies against any type. Seropositivity to multiple HPV infections was statistically different by country (overall P value <0.001) and remained significant after adjusting for pairwise comparisons (P value <0.05). Men in Brazil were more likely to be seropositive to three or more HPV types (34.0 %) compared to men from the USA (22.3 %) and Mexico (8.4 %) (Fig. 1a, b ).
Factors associated with seropositivity to cutaneous HPV types (any-HPV, any b-HPV, g-HPV4, µ-HPV, b-HPV 8, b-HPV17, b-HPV 23, b-HPV 38 and b-HPV 47) are presented in Tables 3 and 4 , and for HPV types with seroprevalence of <10 %, type-specific logistic regression models are reported in Tables S1 and S2. In the multivariate model, adjusting for all variables listed in Table 3 
DISCUSSION
This is, to the best of our knowledge, the first study to estimate cutaneous HPV seroprevalence in a healthy population of men from three countries. We have reported the seroprevalence of 14 cutaneous HPV types and factors associated with grouped and individual HPV seroprevalence in 600 men from the HIM study residing in the USA, Mexico and Brazil. More than 65 % of men were seropositive for one or more cutaneous HPV infection type, and more than 39 % to one or more b-HPV type. Elevated risk of cutaneous HPV seropositivity was observed among men who were mid-adult and older ages, from Brazil, had attained 16 years of education, were circumcised, and reported two or more lifetime male sex partners.
Previous to our population-based study, other estimates of cutaneous HPV seroprevalence were available only from control series of case-control studies of skin cancer. Due to differences in the populations studied, age distribution and the number of HPV types assessed, a direct comparison with the published literature is not possible. A cross-sectional study (Iannacone et al., 2010) of cutaneous HPV seroprevalence among men and women undergoing routine skin cancer screening in Tampa, FL, USA, reported an overall seroprevalence for any-HPV of 96.0 %, and 76.0 % for any b-HPV in men, which is higher than what we observed at 65.4 and 39.0 %, respectively. Differences between this and the cross-sectional study (Iannacone et al., 2010) may be due to the older age of the study population in the crosssectional study, the recruitment from a skin cancer screening clinic and that analysis of the overall seroprevalence included 36 types of HPV compared with 14 types in our study. Type-specific seroprevalence estimates in the crosssectional study (Iannacone et al., 2010) were also slightly higher for g-HPV 4 (46.0 vs 39.0 % in our study), µ-HPV 1 (37.0 vs 28.6 % in our study) and n-HPV 41 (14.0 vs 9.4 % in our study). The ubiquity of the cutaneous HPV suggests that cutaneous HPV might be a commensal component of the microbiological flora of the skin (Antonsson et al., 2000; Table 1 . cont. Hannigan & Grice, 2013). One case-control study of SCC (Andersson et al., 2008) from Sweden and Austria reported seroprevalence estimates for controls that were comparable to those in this study for any b-HPV (42.0 %) and slightly higher seroprevalence estimates for type-specific HPV; however, the study population in that case-control study was older and the number of b-HPV tested was eight compared to 10 in our study. Some of the type-specific seroprevalence estimates in our study were also comparable with seroprevalence estimates reported from the control groups of a systematic review (Bzhalava et al., 2013) of 15 studies examining the associations between cutaneous HPV and skin cancer: b-HPV 8, 22.8 vs 20.4 % in our study; b-HPV 23, 12.4 vs 12.2 %; a-HPV 27, 12.5 vs 8.9%; g-HPV 4, 33.7 vs 30.9 %; µ-HPV 1, 27.1 vs 28.6 %; and n-HPV 41, 11.8 vs 9.4 %.
The increase in seroprevalence with increasing age observed in our study is consistent with studies of cutaneous HPV DNA detection conducted in the general population (Boxman et al., 2001; de Koning et al., 2009 Struijk et al. (2003) and Hampras et al. (2014) reported a significant association between increasing age and cutaneous HPV DNA prevalence. However, Iannacone et al. (2012) did not report an association between age and seropositivity to cutaneous HPV. In multiple studies of mucosal HPV seroprevalence among men, in general, seroprevalence has been shown to increase with age (Dunne et al., 2009; Hariri et al., 2008; Liu et al., 2016; Lu et al., 2011) . However, among women the peak of seroprevalence is noted at 25-40 years, which decreases or plateaus with older age (Tiggelaar et al., 2012) . Cutaneous HPV seroprevalence in the current study also varied across geographical regions, with men in Brazil having the highest seroprevalence and men in Mexico the lowest for certain b-HPV types. This is consistent with our previous findings where we reported higher seroprevalence among Brazilian men for mucosal HPV genotypes (Lu et al., 2011) . Other multi-centre studies have also reported a geographical variation of cutaneous HPV DNA prevalence (de Koning et al., 2009; Sampogna et al., 2012; Sichero et al., 2014) . It is possible that the observed geographical variation is reflective of the differences in individual immune responses, environmental factors, sexual behaviours and other unobserved factors. The observed difference in our study is unlikely to be due to specimen collection or antibody testing techniques as study protocols were uniformly applied across the three study centres, and the serum specimens were tested using the same assay in a single laboratory. A total of 600 subjects were randomly selected at baseline from the HIM study to participate in the cutaneous HPV seroprevalence study. Seroprevalence data for two subjects were not available; therefore, these subjects were excluded from the analysis. The chi-square test was used to calculate P values; except for any-HPV, a-HPV 27 and n-HPV 41, all other HPV types differed by country at a P value <0.05. A pattern of elevated risk of cutaneous HPV seropositivity among circumcised men was observed, specifically for g-HPV 4, and b types 5, 14, 24 and 47. To our knowledge, this is the first study to compare the seropositivity of cutaneous HPV between circumcised and uncircumcised men. In a previous study of the HIM study population, Sichero et al. (2014) did not find cutaneous HPV DNA to be associated with circumcision. Similarly, Albero et al. (2014) did not find an association between circumcision and the DNA prevalence of any mucosal HPV, oncogenic HPV and unclassified HPV types, but found a weak inverse association for non-oncogenic HPV types. However, Lu et al. (2011) reported an association between the seroprevalence of mucosal HPV type 11 and circumcision, with lower seroprevalence among circumcised men. These findings suggest that the role of circumcision and HPV prevalence is complex, and may depend on HPV type (cutaneous or mucosal), anatomical site of infection and whether prevalence is based on DNA detection or antibody response. Although the inverse association of circumcision with mucosal HPV prevalence has been reported in other populations (Albero et al., 2012; Giuliano et al., 2009) , the role of circumcision and cutaneous HPV prevalence is largely unknown. One possible explanation for this positive association could be the keratinization of the glans penis after circumcision. At birth, the glans is covered by the foreskin or prepuce, which is often removed during infancy by circumcision (Warren, 2010) . The glans is non-keratinized before circumcision and becomes keratinized after circumcision (Taylor et al., 1996; Warren, 2010) . In contrast to mucosal HPV, cutaneous HPVs mainly infect skin and keratinized epithelium. Alternatively, it is also possible that circumcised penile tissues might have a different immunogenic response to HPV than uncircumcised penile tissues. However, men in Brazil were mostly uncircumcised, but had a higher prevalence of HPV DNA and seroprevalence. It is also possible that the observed difference in seropositivity between circumcised and uncircumcised men is due to residual confounding from life-style differences between these men. Cutaneous HPV DNA has been commonly detected on normal skin (de Koning et al., 2009), on skin tumours (Ekstrom et al., 2011) , in the oral cavity (Bottalico et al., 2011) and in the anogenital tract (Sichero et al., 2014) . Given that the vast majority of studies have examined cutaneous HPV from non-genital anatomical sites, other modes of transmission, besides skin to skin contact, might warrant further investigations.
Education was significantly associated with any-HPV, g-HPV type 4 and b-HPV type 24. Men with higher education were more likely to be seropositive, an association also observed in the study of Farzan et al. (2013) for some types of cutaneous HPV and in the study of Molano et al. (2002) for mucosal HPV types. It is likely that education functions as a marker of lifestyle characteristics that may (a) Seropositivity for zero, one, two and three or more cutaneous HPV types by country. If a person was negative for all 14 genotypes, he was categorized in the seropositivity in the '0 HPV' group. If a person was positive for only one genotype, he was categorized in the seropositivity to '1 HPV' group; if he was positive for two genotypes, he was categorized in the '2 HPV' group; if he was positive for three or more genotypes, he was categorized in the '3' group. The chi-square P value represents differences in each category by country. Distributions of seropositivity to 0, 1, 2 and 3 HPV types significantly differed by country in all categories (for each group the overall P value was <0.05). (b) Seropositivity for zero, one, two and three or more b-HPV types by country. If a person was negative for all 10 b genotypes, he was categorized in the seropositivity in the '0 b-HPV' group. If a person was positive for only one b genotype, he was categorized in the seropositivity to '1 b-HPV' group; if he was positive for two b genotypes, he was categorized in the '2 b-HPV' group; if he was positive for three or more b genotypes, he was categorized in the ' 3 b-HPV' group. The chi-square P value represents differences in each category by country. Distributions of seropositivity to zero, one, two and three or more b-HPV types significantly differed by country in all categories (for each group the overall P value was <0.05).
influence cutaneous HPV acquisition and natural history. It is possible that men with higher education have more opportunities of meeting new partners (Chandra et al., 2011) and increased skin to skin contact, which could result in a higher level of exposure to HPV. Seropositivity to b types 17, 23 and 24 was positively associated with the number of male lifetime sex partners. This finding is consistent with previous studies of mucosal HPV (Hariri et al., 2008; Lu et al., 2011; Svare et al., 2002) , and could be explained by a higher number of sexual partners increasing the probability of viral exposure, transmission and risk of infection.
The major strengths of this study are its large sample size, estimation of prevalence based on antibodies against L1 HPV capsid protein in a single laboratory simultaneously by multiplex serology, and the availability of detailed demographic and sexual behaviour data. We also acknowledge some limitations. Considering the cross-sectional nature of the current study, causal associations could not be determined. Another limitation is that the measurement of antibodies against L1 viral protein does not necessarily represent current infection with HPV. Furthermore, due to lack of information of the serodynamics of cutaneous HPV, Table 3 . Factors independently associated with any cutaneous HPV, b-, g-and µ-HPV seropositivity among men residing in the USA, Brazil and Mexico
The final model was selected through backward stepwise elimination with a significance level of P value 0.1 for retention in the model. Country, age, race, marital status, education, smoking, alcohol consumption, circumcision, number of female LTP and number of male LTP were loaded to the model, while forcing country and age (design factors) to stay in the model. Significant results are highlighted in bold. LTP, lifetime sex partners. the impact of seroconversion, clearance of infections and waning of antibodies with time could not be assessed; however, these are limitations inherent to all seroprevalence studies. Despite its limitations, the current study provides important data, and contributes to the understanding of the distribution and associated factors of cutaneous HPV, which is largely unknown. To validate these results, future large prospective studies of cutaneous HPV with repeated measures are recommended to evaluate the aetiological role of cutaneous HPV in the development of skin lesions including skin cancer, and benign and malignant diseases of the genitalia. Also, future studies should focus on identifying the viral mechanism and pathway of pathogenesis for cutaneous HPV infections in different epithelial sites, which are currently largely unknown.
Characteristic

METHODS
Study population. This study included a sub-cohort of 600 men randomly selected from the HIM study, a prospective cohort of the natural history of HPV infections in men. The HIM study population and methods have been described previously in detail (Giuliano et al., 2008 (Giuliano et al., , 2011 . Briefly, between July 2005 and September 2009, the HIM study enrolled over 4000 men aged 18-70 years at baseline from Tampa, FL, USA; Sao Paulo, Brazil; and Cuernavaca, Mexico. Men were recruited from the general population, universities and organized health-care systems. Eligibility criteria included no previous history of penile cancer, anal cancer, anogenital warts or human immunodeficiency virus; no current history or treatment for sexually transmitted infections; no current discharges from the penis or burning sensation during urination; and no history of prior or current participation in HPV vaccine trails. A total of 3695 HIM study participants who provided a serum sample and completed the questionnaire at baseline were eligible for the current study. The study was approved by the Institutional Review Boards of the University of South Florida (Tampa, FL, USA), the Ludwig Institute for Cancer Research and Centro de Referência e Treinamento DST/AIDS-SP (Sao Paulo, Brazil) and the Instituto Nacional de Salud Pública de Mexico (Cuernavaca, Mexico). All participants had provided written informed consent.
Specimen and data collection. At the baseline visit, HIM study participants provided detailed information on socio-demographics, lifestyle, and medical and sexual history. Archived baseline serum samples from the 600 participants were tested for seroreactivity to the L1 protein of 14 cutaneous HPV types, including b-types (5/8/12/14/17/22/23/24/38/47), a-type 27, g-type 4, µ-type 1 and n-type 41. Only 14 types were tested due to limited funds, and were carefully selected based on previous reports of their association with cutaneous SCC (Iannacone et al., 2012; Waterboer et al., 2008) and their detection on the surface of external genital lesions (Pierce Campbell et al., 2013) . The antibody detection method was based on a glutathione S-transferase capture ELISA, in combination with fluorescent bead technology, as previously described (Sehr et al., 2002; Waterboer et al., 2005) . To define type-specific HPV seropositivity, cut-off values [200 median fluorescence intensity (MFI) units] were applied, as previously described (Casabonne et al., 2007; Michael et al., 2008) . Serology results for two subjects were inadequate and were, therefore, excluded from analysis, resulting in a final sample size of 598 men.
Statistical analysis. Baseline participant characteristics, including demographic, lifestyle and sexual behaviour factors, were compared between participants from the USA, Brazil and Mexico using the chisquare or Fisher's exact test for categorical variables (Table 1) . Participants in the randomly selected sub-cohort (n=600) were also compared to the full HIM study cohort (>4000 men) on all baseline socio-demographic and sexual behavioural characteristics listed in Table 1 . Seropositivity to any cutaneous HPV (any-HPV) was defined as the proportion of men who were seropositive to at least one of the 14 types of HPV included in this study, and seropositivity to any b-HPV was defined as the proportion of men who were seropositive to at least one of the 10 b-HPV types. Type-specific and grouped seroprevalence was calculated for the overall study population and by country. Holms-Bonferroni correction of P values was used to account for post hoc multiple comparisons (Holm, 1979) . Seropositivity to one, two and three or more of the 14 cutaneous types was also estimated. To assess factors associated with seroprevalence of type-specific, any b-HPV and any-HPV in univariate analyses, logistic regression was used to estimate odds ratios (ORs) and their 95 % CI values. As seroprevalence was low (<10 %) for some HPV types, type-specific logistic regression models were reported only for those types with a seroprevalence of 10 % or higher. To assess factors associated with cutaneous HPV seroprevalence, the factors listed in Table 1 were considered in modelling associations with any-HPV and any b-HPV seroprevalence in multivariate models. A backward stepwise elimination logistic regression procedure was conducted, using significance at a P value 0.1 for retention. Country and age were forced into the model due to study design. The final multivariate model included country, age, race, education, circumcision, number of female lifetime sex partners and number of male lifetime sex partners. Using these adjustment factors, separate multivariate models were estimated for seropositivity to any-HPV, any b-HPV and type-specific HPV. All analyses were performed using SAS 9.3.
